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@ Treatment of sewage.

@ A method of treating sewage which comprises sequen-
tially processing the sewage by aeration culture in an
aeration zone (A1,A2) and passing aerated fluid in a separa-
tion zone (S1,S2}, upwardly between inlined lamella separ-
ators {25,38) in a controlied laminar flow in countercurrent to
separated sludge culture which is caused to flow down the
separators to a collection zone or back to the aeration zone.

FIG.1

At least two such units operate in series in a common
container. The preferred lamelia separators are composed of
individual plates (30) having marginal channels {31) extend-
ing in the plane of inclination and at least one upward rib (32)
formed as an inverted V in the plane of the plate so as to
direct siudge to the channels.
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_? TREATMENT OF SEWAGE

The present invention relates to a method of
- treafing sewage and to apparatus which can be used in
spch a process. Therwérd sewage hereinafter is
5 used to denote any biologically degradeable substrate.
There are currently three main processes for

the treatment of sewage by oxidation, which may follow

|
x
|
} a primary sedimentation stage. The oxidation processes
‘ consist of a filtration process, treatment in
10 oxidation ponds, and treatment by extended aeration
________ such as the activated-sludge process. , ,
Treatment in oxidation ponds is a commonly

used system but suffers from the drawback that it

requires a large acreage and is a slow process.

i
|
l 15 In the activated sludge process the liguor
is ﬁaiﬁtained turbulent by the injection of air through
a variety of air inlet means. Conventional air requirements
are 0.8 to 2.0 1b of oxygen per 1lb. of biochemical
oxygen demand (B.O.D.) removed. The level of dissolved
20 oxygen (DO) is ideally 2ppm or higher. By maintaining

! the microbiological sludge culture in turbulent contact

with oxygen from the air, oxidation is more rapid and

a typical aeration period is 4 to 8 hours. After
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aeration the liquor is transferred to a settling tank
and after settlement, about 80 to 90 percent of the
sludge is returned to the aeration tank.

Since the volume flow of treated sewage is
dependent largely upon the settlement rate, once again
considerably capital has to be expended on large scale
tanks or lagoons. Howevér the biological efficiency is
such that BOD removal can be of the order of 95 to 98
percent.

The invention is mainly directed to reducing
the scale and therefore the capital cost of sewage
treatment. This has been made possible, in accordance with
the invention, by greatly improving the rate of
settlement which is the main constraint on the activated
sludge process. At the same time, it is possible to use
a continuous through-flow plant and more effective
oxidation is possible so that a much higher performance
in terms of plant size can be obtained.

British Patent Specification 1,375,458 describes
apparatus for biologically purifying waste water by using
activated sludge comprising in a common enclosure an
aeration section and a settling-clarification section
communicating with each other so that aerated liquid
may flow from the aeration section to the settling-
clarification section and activated sludge may be recycled
to the aeration section, and means for directing the

aerated liquid to the bottom of a set of parallel inclined
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plates covering substantially the entire settling surface
area of the éettling clarification section.
In accordance with one aspect of the invention
there is provided a method of treating sewage which E
5 comprises sequentially processing the sewage by aeration
culture in an aeration zone and passing aerated fluid,
in a separation zone, upwardly between inclined lamella
separators in a coritrolled laminar flow in countercurrent
to separated sludge culture which is caused to flow
10 down the separators to a collection zone or back to the
aeration zone, characterised in that:

the sewage is passed alternately through at

least two aeration zones and two settling zones, with
at least some of the sludge culture flowing back to the
15 preceding aeration zone, and furthér characteriseé in
that the separator and aeration zones are located in a
common container in direct communication, thefé being

1
a continuous flow of fluid at a rate corresponding

to the rate of admission of sewage.

20 There may be any number of aeration and settling
. zones depending on the population to be served.

It is preferred to cause the fluid to circulate
in a vertical plane in the aeration zone so that the
current travels downwardly adjacent the separation

25 zone, the lamella separators being inclined upwardly

and away from the aeration zone.
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The lamella separators may be composed of
individual separator plates. The preferred plates,
which constitute an independent aspect of the invention,
have marginal channels extending in the plane of
inclination (when in use) and at least one rib which
extends opposifely tb tﬂe channels (nofmallyiupwardly
in use) and formed as a V in the plane of the plate so

as to extend across the plate. In use the rib will appear
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;; as an inverted V so as to direct downwardly flowing
| sludge to the channels.
The rib preferably meets the channels at/or
adjacent the corners of the plate and the rib is
= 5 preferably convex in cross-section in a direction towards
the point of the V and'cbncave in the opposite direction.
| . Thus each lamellé separator can be éomposed of
a number of plates arranged end to end and side to side

in a plane and the separators may be stacked parallel

10 at an inclination to the vertical at a distance apart

of e.g. 50 mm (or generally 40 to 60 mm). A typical
angle of inclination is about 60°.

The separator stacks serve to block the turbulence

and provide for laminar flow of ligquid through which the

15 sludge readily settles. The sludge has only a comparatively

short distance to fall to reach a separator pl?te where
it is effectively out of the circulating flow of fluid.
The ribs and channels'pfomote the downward flow of sludge
by accumulation and densification and assist in its
20 collection or return to the previous aeration zone.
By using the process of the invention, a
series of culture and separation stages can be located in
) a single elongate tank of relatively small size and since
the lamella separators between the aeration sections
25 prevent the free forward movement of culture while

permitting the passage of the ligquid substrate,
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the latter can flow directly from one purification stage
to the next. Facilities are preferably provided so that
the culture can be transferred from the primary stage
to the secondary stage if required, in order to trim
the biological system. Normally sludge is wasted only
from the final stage, this sludge being well mineralised,
very stable and readily'separated from its associated
water. The sludge production from the inventive process
can be 40 or more percent less than in standard activated
sludge processing. The process is speeded up by
automatic sludge culture return to the previous stage.
This coﬁpletely avoids the use of a conventional
settling tank and pump. In the process of the
invention the biological loading can be higher than that
used in most extended aeration plants, with a
corresponding increase in performance and efficiency.

The invention also includes as an aspect
apparatus for treating sewage comprising a ‘
generally horizontal elongate Qessei,

inlet means for admitting sewage at an
upstream end of the vessel,

a first aeration zone adjacent the inlet and
including air injection means,

a first separation zone downstream of said

aeration zone,

said separation zone including an array of
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stacked lamella separators at an upward inclination away
from said aeration zone, and

guide means for directingrfluid from said
aeration zone upwardly between the lamella separators, '
characterised by:

a second aeration zone in said vessel
downstream of said first separation zone,

- méans for gﬁiding £1uid from the said fifst
aeration zone at an upper level into said second aeration
zone,

means for injecting air into said second
aeration zone,

a secondrseparation zone downstream of said
second aeration zone and including an array of stacked
lamella separators at aﬁ upward inclination away %rom
said aeration zone,

a collection means for collecting sludge
culture icollected in said separators, and '

an outlet downstream of said second
separation zone for clean effluent.

An embodiment of the invention is hereafter
illustrated by reference to the accompanying drawings,

in which:-
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Figure 1 is a partly .diagrammatic vertical
longitudinal section through a sewage treatment tank
in accordance with the invention,

Figure 2 is a plan view corresponding to
Figure 1,

Figure 3 is a.perspective view of a
separator plate,

Figure 4 is a partial section along the line
IV-1IV of Figure 3,

Figure 5 is a partial elevational view along
V-V of Figure 1 with the baffle plate removed,

Figure 6 is a view similar to Figure 1 of part
of a modified tank, and

Figure 7 is another view similar to Figure
1 of part of a further modification.

In the drawings there is shown a unigary

. treatment tank 10 which may be constructed of any suitable

material such as metal, concrete or glass fibre-reinforced

plastics. The illustrated structure is welded or
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inclusive of a floor 11, side walls 24, an inlet end
wall 12 an outlet end wall 13 which defines with \
part of the floor 11 a sludge hopper 14.

A first aeration zone Al is defined between
a curved baffle 15 at -a short distance from the inlet
wa&l 12 and a first inclined baffle 16 whicﬁ'is inclined
upwardly and forwardly in the direction of through flow
of fluid.

A first separation zone S1 is defined between
baffle 16 and a parallel-inclined baffle 17.

A short distance downstream of baffle 17 is
a second curved baffle 18 and a second aeration zone
A2 which is located between the gaffle 18 and é second
inclined baffle 19, péréllel to the baffles-16 and 17
and to the outlet wall 13. A second separé£ion zone
S2 .is located between the baffle 19 and the énd wall
13. The tank is provided with inwardly inclined baffles
20 as splash guards. A sewage inlet pipe 21 enters
through the flange 20, from a source 22. The inlet 21
is located between the end wall 12 and the first curve
baffle 15. A clean-effluent outlet trough 36 is
located at the upper end of outlet wall 13 downstream
of zone S2 and connected to an outlet pipe 37.

Under the inlet pipe 21 is a series of air

diffusers 23a of conventional type. A second series
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- 10 -

of air diffusers 23b is located also near the bottom

—

of the tank between baffles 17 and 18.

The curved baffles 15 and 18 extend across
the tank between side walls 24 and are curved so as to
be concave towards the aeration zones Al,A2. This
directs the turbulent flow of agitated fluid caused by
the air diffusers 23a and 23bp to circulate fowardly near
the top of the tank and rearwardly near the bottom so
that the circulatory flow is downward adjacent the baffles
16,19 which define the entries to respective separation
zones S1,S2. This ensures that the flow of fluid entering
the separation zones is free from. turbulence as it passes
between the lamella separators which are indicated at 25.
The circulation flow is indicated by arrows. Other arrows
indicate the flow of fluid between the 1ame1ié Separato;s
and the downward return of sludge from the seéaratérs.

Depending upon the volume of the tank and the
through flow, it is not normally necessary for the
separator stacks to extend across the full width of the
tank and the extent occupied is indicated by the broken
lines 25a in Figure 2. The remaining width of the
tank is naturally blocked by means not indicated. 1In
the second separation zone S2, it is only necessary for
the lamella separators 25 to be stacked in parallel

arrangement by means to be described. The returning
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sludge falls in part directly into the sludge hopper
14 from which it is normally pumped via the pump P {
through transfer line 26 to disposal. Part of the

sludge will return directly into circulation in zone

2.

A pipe or pipes 27, which may contain valves
28 provide communication between the aeration zones Al
and A2 to allow the loading'of the zone A2 with activated
sludge culture from zone Al.

The lamella separators 25 may, in general, be
of any form of sheet material. The preferred separators
are composed of a series of separator plates, a typical
plate being indicated at 30 in Figures 3, 4 and 'S.
Depending upon the area required for each lamella
separa£or, single plates may be used or they'may be
attachedrend to end.énd side to side in a plané to
constitute the separator. 'Each plate‘30 is preférably
formed by vacuum-forming a sheet of thermoplastic
material so that it contains a pair of marginal channels
31 and at least one rib 32 which extends oppositely to
the channels and is formed as a V in the plane of the
plate so as to extend across the plate to each channel
adjacent to corners, as shown in Figure 3. In section
the rib 32 (Figure 4) has a convex cross-section in a
direction towards the point of the V, to enable the

liquid medium to flow past without disturbance, and is
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preferably concave e.g. semi-cylindrical in the
opposite direction to define a small but well defined ‘
channel which appears at 33 in Figure 4. This traps thé
sludge which slides down the plate and directs it into
the channels 31 at the corners of the plate. . If desired
a pumber of the shaped'ribs may be formed in each plate
for directing sludge to the cﬁannels ét differént .
positions.

The plates 30 are mounted by moulded plastics
strips 38 each formed with channels at the correct angle
and spacing to receive the plate edges.

As shown in Figure 5, in the zone S1 of
Fiqure 1 a series of e.g. three plates is located edge
to edge in the width—wise direction to form a single
lamella separator. A sludge hopper 34 is disposeé under
each pair of central channels, although these may be .
omitted if desired as in the zone S2. The sludge
hoppers as shown in Figures 1 and 5 are troughs formea
e.g. of moulded plastics material which are elongate
in the plane of Figure 1 and formed with two (as shown)
or more V shaped pockets in that plane. Pipes 35 may
be attached so as to extend from these pockets and one
or more of them may extend to an air injector indicated
at 36 in wich an air jet is used to blow the sludge

back into circulation.
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- Since the surface of the liquid in the tank 10
é is exposed to atmospheric pressure and there is through
communication of liquid, the through flow will be '
dependent upon .the rate of input of sewage through the
- 5 inlet 21.
Figure 6 shows a modification of the apparatus-
6f‘Figure 1 in which a submeréed rotating aérating air
f inlet 39 is used in place of diffusers 23a and/or 23b,
together with a vertically arranged stack 40 of lamella
10 separators.
ol ’ Figure 7 shows a modification of the apparatus
of Figure 1 in which a rotating surface aerator 41 is
used in place of diffusers 23a and/or 23b.
o EXAMPLE |
15 In a typical treatment unit, each of two
modules defining an aeration zone Al,AZ.and.an associated

1
diffusér S1,S2 was approximately 6m x 6m with 3.3m water

depth to défine a module volume of 119 cum, the total
volume being 238 cum. The first set of diffusers 23

20 consisted of five rows making up a total of 20 diffusers
each rated at 3-4 cum/hr air per diffuser. The second
section of diffusers 24 consisted of 20 diffusers in three
rows each rated at 3-4 cum/hr air. The oxygen reguirement
was estimated at 100 Kg/hr and was installed to provide

25 170 Xg/hr at a peak air supply of 10.6 cum/min.
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The first separation zone S1 was provided
with three stacks of thirty-one plates and the second
separation zone S2 had four stacks of thirty-one
plates (Figure 2), the stacks being arranged as
already indicated side-by-side, width—wise.r (It
will be appreciated that it is possible to stack the
plates or lamella separators vertically at the same
inclination rather than horizontally as shown in
Figure 1). Each plate was 1.1 m long by 0.7 m
wide and the separation distance was 50 mm.

The plant was designed to serve a polulation
of 2500. The mean flow of sewage was 625 cum/day
(26 cum/hr) and the peék flow was 78 cum/hr
(1.3 cum/min). The plant was served with sewage as
received after simply pgssing thréugh a5 mm filterr
screen. The designed BOD load was 138 Kg/day and’
the final effluent had a BOD (biological oxygen demand)
not greater than 12 mg/l and a TSS (total suspended
solids) not greater than 15 mg/l. Ammonia, calculated
as N was up to 8 mg/1l.

It will be appreciated that in terms of the
volume of unit plant per pqpulation served, this
represents a very great improvement on existing
activated sludge plants.

In an alternative, less preferable system,
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the lamella separators can be used in conjunction with
existing aeration and settlement tanks. In this case .
the settlinq zone e.g. as at S1 in Figure 1, can be |
plac?d in a hopper-shaped container and externaly connected
to aﬁ aeration vessel to uprate the settling capacity of
the;existing system. When used in this fashion a
pump is required to return sluége conventionally from the
bottom of the container to the aeration vessel.

Apparatus for this purpose and related
purposes may comprise apparatus for separating sludge-
from dispersions comprising a container, at least one
stack of lamella separators, constituted of plates
as hereinbefore described, arranged within ﬁhe container
so as to lie at an angle to the vertical, a plurality of
hoppers arranged to collect sludge from the mérginal
channels gf the lamella separators, inlet mears arranged
to diffuse dispersion liquid into the container in a
region below the separators, and a sludge sump and ﬁeans
for conducting .accumulated sludge from the hoppers to

the sump.
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CLAIMS:
1. A method of treating sewage which comprises X

sequentially processing the sewage by aeration culture
in an aeration zone (Al) and passing aerated £fluid,
in a separation zone (S1), upwardly ?etweep inclined
lamella separators (25) in a controlled laminar flow
in countercurrent to separated sludge culture which
is caused to flow down the separators to a collection
zone or back to the aeration zone, characterised’'in
that:

the sewage is passed alternately through
at least two aeration zones (Al,A2) and two settling
zones (S1,52), with at least some of the sludge '
culture flowing backrto the preceding aeration zone,
and further characterised in that the separator
and aeration zones are located in a common container
(10) in direct communication, there being a continuous
flow of fluid at a rate corresponding to the rate of

admission of sewage.

2. A method according to claim 1 characterised
in that the fluid is caused to circulate in a
vertical plane in the aeration zones (Al,A2) so that
the current travels downwardly adjacent the

separation zones, the lamella separators (25) being
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inclined upwardly and away from the aeration zones.

3. Apparatus for treating sewage comprising
a generally horizontal elongate vessel (10),

inlet means (20) for adﬁitting sewage at
an upstream end of the vessel,

a first aeration zone (Al) adjacent the
inlet and including air injection means (23a),

a first separation zone (S1l) downstream
of said aeration zone (Al),

said separation zone (S1l) including an array
of stacked lamella separators (25) at an upward
inclination away from said aeration zone, and

guide means (16) for directing fluid from
said aeration zone upwardly between the lamella
separators, characterised by: \

a second aeration zone (A2) in said vessel
downstreamof said first separation zone (S1),

means (17) for guiding fluid from said
first aeration zone at an upper level into said second
aeration zone,

means (23b) for injecting air into said
second aeration zone,

a second separation zone (S2) downstream

of said second aeration zone (A2) and including an
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array of stacked lamella separators (38) at an upward
inclination away from said aeration zone,

a collection means (34,35) for collecting
sludge culture collected in said separators, and

an outlet (36,37) downstream of said

second separation zone (S2) for clean effluent.

4. Apparatus according to claim 3 including
means (35) for redirecting sludge culture collected on

said separators back to said first aeration zone.

5. A method according to claim 3 or claim 4
characterised in that the lamella separators (25,38)
are composed of individual plates (30) having marginal
channels (31) extending in the plane of inclination and
at least one upward rib (32) formed as an inverted

V in the plane of the plate so as to direct sluége to

the channels.

6. A method according to claim 5 wherein the
said rib (32) is convex in cross-section in a direction
towards the point of the V and concave in the opposite

direction.

7. Apparatus according to any of claims 3 to 6

including means (15,18) ensuring a vertical circulation
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of fluid in each aeration zone (Al,A2) so that fluid
travels in a downward direction past the associated

downstream separation zone.

8. A separator plate for use in separating e.q.
sludge from a fluid dispersion, the plate being
characterised by a pair of marginal channels (31)

and at least one rib (32) extending oppositely

to the channels and formed as a V in the plane of the
plate so as to extend across the plate of each

channel adjacent two corners.

9. i . A separator plate according to claim B
wherein said rib is convex in cross-section in a
direction towards the point of the V and concave

in the opposite direction.

10. Apparatus for separating sludge ffom.
dispersions comprising a container (10), at least

one stack (S1l) of lamella separators, constituted of
plates according to claim 8 or claim 9, arranged
within the container (10) so as to lie at an angle

to the vertical, a plurality of hoppers (34) arranged
to collect sludge from the marginal channels (31)

of the lamella separators, inlet means (21) arranged

to diffuse dispersion liquid into the container in a

—
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region below the separators, and a sludge sump (14)

and means (19) for conducting accummulated sludge from
\

the hoppers (34) to the sump (14).
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